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Lysoglycerophosphocholine lipids (lyso-GPC) are important intermediates in the synthesis
and metabolism of glycerophosphocholine lipids which are major components of the cellular
lipid bilayer. Significant differences in the collisional induced decomposition (CID) behavior
were observed for each of the four different subtypes of lyso-GPC in both positive and
negative ions. A major difference was observed in the initial CID product ions derived from
lyso-GPC [M 1 H]1 with the loss of water that was very abundant for acyl lyso-GPC which
have a fatty acid ester substituent at either the sn-1 or sn-2 positions. Loss of neutral water was
not very prominent in the case of plasmenyl and plasmanyl lyso-GPC species. The mechanism
responsible for this difference in behavior of lyso-GPC subtypes was consistent with a higher
proton affinity of carboxyl carbonyl oxygen atoms and vinyl ether oxygen atoms found in acyl
and plasmenyl lyso-GPC lipids, respectively, as compared to the carbinol oxygen atom
common to all lyso-GPC species. Collisional activation of lyso-GPC negative ions [M 2 15]2
also revealed distinctive differences in product ions derived from acyl and ether lyso-GPC
species. The acyl compounds showed the facile elimination of a highly stable carboxylate
anion, whereas plasmenyl species underwent fragmentation with loss of a neutral aldehyde,
likely a result of rearrangement involving the double bond in the vinyl ether moiety. The alkyl
ether species (plasmanyl lyso-GPC lipids) did not undergo either decomposition reaction
observed for the other lyso-GPC subtypes which permitted differentiation of acyl, plasmenyl,
and plasmanyl lyso-GPC subtypes. (J Am Soc Mass Spectrom 2000, 11, 283–291) © 2000
American Society for Mass Spectrometry
Lysoglycerophospholipids represent an interestingclass of biochemical intermediates being involvedin both biosynthesis as well as metabolism of
diradyl-glycerophospholipids that constitute the cellu-
lar lipid bilayer of all animal cells [1]. Lysoglycerophos-
phocholine (lyso-GPC) lipids (Figure 1) are a represen-
tative class of this intermediate composed of a
glycerophosphocholine backbone having one free glyc-
erol hydroxyl at either sn-1 or sn-2 (systematic IUPAC
nomenclature [2]) and a long-chain fatty acid which is
esterified at the sn-2 position if the free hydroxyl is at
sn-1. When the hydroxyl substituent is at the second
carbon atom of glycerol (sn-2), the substituent at car-
bon-1 can be either a long-chain ester (I), a long-chain
vinyl ether substituent (II), or a long-chain ether (III),
making the sn-2 lysophosphocholine lipids an interest-
ingly divergent class of lipid substances.
sn-2 lysophospholipids are intermediates [3, 4] in the
remodeling biosynthetic pathway of plasmanyl and
plasmenyl glycerophospholipids typically found with
choline or ethanolamine at the polar head group. The
sn-2 lysophospholipids are also the products of the
enzymatic hydrolysis of membrane glycerophospholip-
ids by numerous phospholipase A2 enzymes [5, 6] as
well as lecitin-choline acyl transferases (LCAT) [7].
Lysophospholipids are readily reacylated to diradyl
phospholipids by CoA dependent [8] and CoA inde-
pendent [9] pathways which are quite active in most
cells and responsible for membrane remodeling includ-
ing the movement of polyunsaturated fatty acids such
as arachidonic acid throughout most glycerophospho-
lipid classes in typical cells [10, 11].
Lyso-GPC is known to alter membrane function
because it does not form regular lipid bilayer structures
and alters such structures when present even in small
quantities [12–14]. The unique biochemical and bio-
physical properties of lyso-GPC have led to consider-
able interest in these class of lipids. For example, recent
studies have revealed ischemia like effects of lyso-GPC
in the heart and accumulation of lyso-GPC in cardiac
lymph and venular effluents in disease [15]. The forma-
tion of lyso-GPC has also been regarded as a critical
event, leading to the fusion of membranes in the impor-
tant processes of endocytosis [16, 17] and likely termi-
nate exocytosis [18]. In spite of these important proper-
ties, there has been little information on the mass
spectrometric behavior of lyso-GPC, even with the
advent of electrospray ionization as an exceptionally
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useful technique for phospholipid analysis [19–23].
Interestingly, significant differences in the collision-
induced decomposition (CID) behavior were observed
for all four different subtypes of lyso-GPC (I–IV) as both
positive and negative ions.
Methods
1-Palmitoyl-sn-glycero-3-phosphocholine, 1-O-hexade-
cyl-sn-glycero-3-phosphocholine, and other acyl- and
alkyl-sn-2 lysophosphatidylcholine lipids were pur-
chased from Sigma Chemical (St. Louis, MO). Lyso-
plasmenyl-phosphatidylcholine as a mixture of plas-
malogen molecular species (isolated from bovine heart)
was purchased from Doosan Serdary Research Labora-
tory (Englewood Cliffs, NJ). All solvents used were
HPLC grade and purchased from Fisher Scientific (Fair-
lawn, NJ).
The sn-1-lysoglycerophosphocholine lipids were ob-
tained after acidic hydrolysis of semisynthetic plasme-
nyl phosphatidylcholine as previously described [23].
Briefly, plasmenyl GPC (100 mg) was dissolved in 200
mL methanolic HCl (0.5 M) and let stand for 30 min at
room temperature. The reaction solvent was dried un-
der nitrogen, resuspended in 50 mL of methanol/water
(l/l, v/v), and applied to a reverse phase HPLC column
(2 3 150 mm, 5 m C-18, Phenomenex) in order to
separate individual molecular species of sn-1 lyso-GPC
using gradient elution as previously described [24].
In order to ascertain whether or not acyl group
migration had occurred during acid hydrolysis, a por-
tion of the purified sn-1 lysoglycerophosphocholines
(10 mg) was dissolved in 100 mL chloroform and treated
with five-fold excess palmitoyl chloride (20 mg, Nu-
Check-Prep, Elysian, MN) and diethyl aminopyridine
[25] overnight. The product diacylglycerophosphocho-
line was purified by reverse phase HPLC (vide supra).
Analysis of the resulting sn-1 and sn-2 fatty acyl sub-
stituents of the diacyl-GPC was performed using the
abundance of the ions at m/z 480 and 528 for loss of the
sn-2 as a ketene analog from m/z 766.5 (M-15; 16:0a/20:
4-GPC or 20:4a/16:0-GPC) as previously described [26].
A ratio of 5.33 for m/a 480/528 was observed for the
resultant product diacyl-GPC. A previously reported
ratio for 95% 18:0a/20:4-GPC was 7.04 [26], suggesting
some acyl migration of sn-2 arachidonate to the sn-1
position had occurred during the plasmalogen acid
hydrolysis, but the majority of lyso-GPC (,70%) re-
mained as 1-lyso-2-arachidonoyl-GPC.
Electrospray Mass Spectrometry
The lyso-GPC compounds were dissolved in methanol/
water (3/2, v/v) containing 1 mM ammonium acetate
(pH 7.4) at a typical concentration of 3–5 ng/mL for
analysis by positive and negative electrospray ioniza-
tion mass spectrometry. Samples were introduced into
a Finnigan LCQ ion trap mass spectrometer (Finnigan,
San Jose, CA) by injection through a 0.5 m 3 50 mm
fused silica capillary at a flow rate of 10 mL/min and
ESI source capillary set to 225 °C. Spectra were acquired
at 3 s/scan over a mass range of m/z 150 to 700 with
tube lens offset potential set to 0 V. MSn experiments
were carried out with indicated ions at 63 Da isolation
width typically with 20 V relative collisional energy to
effect decomposition of the target ions. The trapping of
product negative ions was linked by the q value set to
0.25, whereas trapping of product positive ions was
carried out with the q value set to 0.20.
Tandem mass spectrometry was also carried out in a
Sciex API-III1 tandem quadrupole mass spectrometer
(PE-Sciex, Thornhill, Toronto, Canada) using an identi-
cal mobile phase and air as the nebulating gas and
nitrogen as curtain gas. The ion spray voltage was
maintained at 14800 V for positive ions and 22800 V
for negative ion production. The orifice voltage was
maintained at 170 V for positive ions and 2100 V for
negative ions. For CID, the collisional energy (labmax)
was 20 eV and the argon gas thickness was 240 3 1013
mol/cm3.
Results
Analysis of sn-2-lysophosphatidycholines by electro-
spray ionization of acyl-, alkyl-, and alk-19-enyl-sn-2-
lsyoglycerophosphocholine lipids having 16-radyl car-
bon chains at the sn-1 position (16:0a/lyso-, 16:0e/lyso-,
and 16:0p/lyso-GPC, respectively), as well as a sn-1-
lysoglycerophosphocholine having a hydroxyl substitu-
ent at the sn-1 position and arachidonic acid esterified at
the sn-2 position (lyso/20:4-GPC) were examined in
some detail in this study although other molecular
species were also analyzed. For all molecular species
investigated, abundant positive as well as negative ions
corresponding to [M 1 H]1 and [M 1 OAc]2/[M 2
15]2 ions were formed indicative of the molecular
weight of each lysophospholipid molecular species
(Table 1).
Figure 1. Structures of four lyso-GPC subtypes studied by elec-
trospray tandem mass spectrometry. Nomenclature and abbrevi-
ations for each subtype are indicated for the four species.
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Positive Ion Tandem Mass Spectrometry
Collisional activation of the abundant positive ions
corresponding to [M 1 H]1 for all types of lyso-GPC
followed by either tandem mass spectrometry or MS2 in
an ion trap mass spectrometer resulted in unique and
characteristic spectra that shared some common fea-
tures. CID of [M 1 H]1 of all lyso-GPC yielded an ion
at m/z 184 (a) corresponding to the mass of phospho-
choline present at the sn-3 position. This ion is typically
characteristic for the presence of phosphocholine as the
polar head group of such phospholipids and its origin
has been previously described [20, 27]. The formation of
this ion has been suggested to be useful for specifically
identifying glycerophosphocholine molecular species
present in biological extracts as complex mixtures [28,
29]. In the ion trap mass spectrometer, the q value was
decreased to 0.2 in order to observe this ion product
species. Additional and unique collision induced prod-
uct ions were also found for each lyso-GPC species
revealing quite interesting differences and several char-
acteristic fragments for each subtype.
CID of the protonated molecular ion (m/z 496) of a
monoacyl-lyso-GPC lipid (16:0a/lyso-GPC, I) resulted
in the abundant formation of ion at m/z 478 (Figure 2A)
corresponding to the loss of water (d), and an ion of low
abundance at m/z 258 in both the ion trap and in the
tandem quadrupole instrument (data not shown). Fur-
ther decomposition of the [M 2 H2O]
1 ion, induced in
the ion trap as an MS3 experiment (Figure 3A), led to the
neutral loss of trimethylamine (59 u) with the formation
of a very abundant ion at m/z 419. This MS3 product ion
spectrum also had two other minor ions produced at
m/z 184 and 240 (5% and 6% relative abundance, respec-
tively).
The CID mass spectrum of the plasmalogen lyso
species (16:0p/lyso-GPC, II) [M 1 H]1 (m/z 480) was
dominated by the loss of 240 Da as the most abundant
ion at m/z 240 (b) (Figure 2B) which revealed symmetry
in mass for the site of fragmentation. In order to
examine what part of the molecule had been lost as the
neutral fragment, the CID product ion spectrum of the
homolog (18:0p/lyso-GPC) which had an 18-carbon
vinyl ether substituent at sn-1 position was investi-
gated. This species had the most abundant fragment ion
also at m/z 240 corresponding to the loss of 268 Da
suggesting that the charge remained on the phospho-
choline moiety with the loss of the protonated carbon
chain at sn-1 position as a neutral aldehyde. The prod-
uct ion at m/z 181 was observed for both species, which
was likely a secondary fragment of m/z 240 correspond-
ing to the neutral loss of trimethylamine. An ion of
relatively low abundance (c) was observed at m/z 421
(Figure 2B) which corresponded to the loss of trimeth-
ylamine in the MS2 product ion spectrum of 16:0p/lyso-
GPC and at m/z 449 from 18:0p/lyso-GPC. Interestingly,
the loss of H2O from [M 1 H]
1 was very minor (m/z
462 and 490 from 16:0p and 18:0p, respectively).
Collisional activation of 1-hexadecyl-2-lyso-GPC
[M 1 H]1 (16:0e/lyso-GPC, III) at m/z 482 resulted in a
similar loss of trimethylamine (c, m/z 423) as a product
ion low in abundance. The phosphocholine cation (m/z
184) was formed, but was not particularly abundant.
Table 1. Positive and negative ions derived from individual molecular species of lyso-GPCa subtypes obtained by electrospray
ionizations. The observed major product ions were obtained by collisional decomposition of these ions are indicatedb
[MH]1 [M 1 Na]1
Product ions CID of [M 1 H]1
[M 1 OAc]2 [M 2 15]2
Product ions CID of [M 2 15]2
ac b







d e f g
14:0a/lyso- 468 490 184 (65) — 391d (100) 450 (60) 526 452 227 (75) — —
16:0a/lyso- 496 518 184 (75) — 419d (100) 478 (61) 554 480 255 (71) — —
17:0a/lyso- 510 532 184 (60) — 433d (100) 492 (60) 568 494 269 (73) — —
18:0a/lyso- 524 546 184 (68) — 447d (100) 506 (65) 582 508 283 (68) — —
18:1a/lyso- 522 544 184 (76) — 445d (100) 504 (63) 580 506 281 (67) — —
18:2a/lyso- 520 542 184 (75) — 443d (100) 502 (60) 578 504 279 (71) — —
15:0p/lyso- 466 488 184 (100) 240 407 (9) — 524 450 — 224 (100) 361 (55)
16:0p/lyso- 480 502 184 (96) 240 421 (11) — 538 464 — 224 (100) 375 (51)
17:0p/lyso- 494 516 184 (100) 240 435 (8) — 552 478 — 224 (100) 389 (49)
18:0p/lyso- 508 530 184 (100) 240 449 (6) — 566 492 — 224 (100) 403 (48)
18:1p/lyso- 506 528 184 (81) 240 447 (10) — 564 490 — 224 (100) 401 (49)
16:0e/lyso- 482 504 184 (69) — 423 (0.5) 405 (0.1) 540 466 — — 377 (100)
18:0e/lyso- 510 532 184 (75) — 451 (1) 433 (0.4) 568 494 — — 405 (100)
lyso/20:4a- 544 566 184 (100) — 467d (7) 526 (55) 602 528 303 (100) — —
aDesignation of each molecular species subtype is abbreviated as follows: x/y-GPC where x and y are the substituents at the sn-1 and sn-2 glycerol
carbon atoms, respectively. Lyso designates a free carbinol at x or y. The designation m:nl corresponds to the (m) total number of carbon atoms
in a radyl chain; (n) total number of double bonds; and (l) either a for acyl ester, e for alkyl ether (plasmanyl), or p for vinyl either (plasmanyl)
substituent for the radyl group in the lyso-GPC species.
bNominal masses are indicated; the exact masses of these hydrogen atom rich lipids are greater than 0.4 mass units above the indicated nominal
mass for ions above m/z 450.
cLetter designations of ion types are listed in text and figures, relative abundances are shown in parentheses.
dMS3 data—these ions are assigned as c9 in the text.
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CID of the sn-1 lyso-GPC with arachidonic acid
esterified at the sn-2 position (lyso/20:4-GPC, IV) re-
sulted in a product ion spectrum similar to that ob-
tained for the sn-2 lyso species (Figure 2D). Two abun-
dant fragment ions, corresponding to the loss of water
(m/z 526) and the phosphocholine ion (a, m/z 184) were
observed. However, in contrast to the sn-2 monoacyl-
lyso-GPC (I), the MS3 spectrum of the [M 2 H2O]
1 ion
from the sn-1 lyso-GPC underwent further decomposi-
tion resulting only in minor ions at m/z 467 and 181
(Figure 3B) corresponding to the loss of a neutral
trimethylamine from the [M 2 H2O]
1 ion and m/z 181
corresponding to the loss of trimethylamine (c9) fol-
lowed by the loss of a ketene analog from the sn-2
position. In the case of sn-2 lyso-GPC, the highly
abundant ion at m/z 419 appeared as a result of CID of
the [M 2 H2O]
1 ion (Figure 3A).
The above experiments (Figures 2 and 3) were car-
ried out using a relative ion collision energy of 20 eV in
the collision cell; however, it was important to ascertain
whether or not the failure of the plasmanyl and plas-
menyl lyso-GPC species to lose water [M 1 H 2
H2O]
1 following collisional activation was a unique
observation at this collision energy. A study of the
formation of m/z 184 and the ion corresponding to [M 1
Figure 2. Electrospray tandem mass spectrometry of [M 1 H]1 ions derived from four specific
lyso-GPC subtypes. (A) CID of 16:0a/lyso-GPC [M 1 H]1 (sn-2 acyl-lyso subspecies). (B) CID of
16:0p/lyso-GPC [M 1 H]1 (plasmalogen subspecies). (C) CID of 16:0e/lyso-GPC [M 1 H]1 (plasma-
nyl subspecies). (D) CID of lyso/20:4-GPC [M 1 H]1 (sn-1 acyl-lyso subspecies). Letters above
designated ions correspond to specific fragmentation processes discussed in text and presented in
Table 1.
Figure 3. MS3 product ions obtained for the CID of the ion (d)
corresponding to the loss of water from [M 1 H]1 derived from
(A) 16:0a/lyso-GPC (sn-2 lyso) and (B) lyso/20:4-GPC (sn-1-lyso).
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H 2 H2O]
1 from each of the lyso-phospholipids under
investigation was carried out in a tandem quadrupole
mass spectrometer between 15 and 30 eV. In general,
the abundance of [M 1 H]1 decreased substantially as
ion energy increased, being the most abundant ion at 15
eV for each GPC studied (data not shown). The relative
abundance (normalized to the most abundant ion ob-
served transmitted into the third quadrupole) of m/z 184
(Figure 4) increased for each lyso-GPC from 15 to 20 eV,
but the acyl lyso-GPC species had a substantial decrease in
relative abundance of this ion above 20 eV. These same
acyl lyso-GPC species had significant increases in [M 1
H 2 H2O]
1 going from lower to higher collisional ener-
gies. Importantly, the [M 1 H 2 H2O]
1 ion was never an
abundant ion even at the highest collision energy investi-
gated for the ether lyso-GPC species (16:0e/lyso-GPC)
and was never observed for the plasmalogen species
(16:0p/20:4-GPC) even at 30 eV (Figure 4).
Negative Ion Tandem Mass Spectrometry
Electrospray ionization mass spectrometry of all lyso-
GPC lipids produced abundant [M 2 15]2 and [M 1
OAc]2 ions in the negative mode (Table 1). Because
phosphocholine lipids have both a quaternary ammo-
nium positive charge site and a very acidic phosphodi-
ester moiety containing a negative ionic charge in
aqueous solutions, the appearance of negative ions
required either removal of one substituent on the qua-
ternary nitrogen atom or the formation of a complex
phospholipid structure resulting in neutralization of the
positive charge of the choline nitrogen atom charge
with an acetate anion. The formation of an acetate
adduct ion, obtained in the presence of acetate buffers
used during electrospray ionization, was observed
when the skimmer voltage experienced by ions during
the initial part of electrospray ionization was low as
previously described [23]. The formation of [M 2 15]2
anions corresponding to the loss of a neutral methyl
acetate from the glycerophosphocholine acetate com-
plex was previously reported for fast atom bombard-
ment ionization [28] as well as electrospray ionization
[21, 23]. The formation of such demethylated product
anions have been suggested to result from the colli-
sional decomposition of the anionic acetate (or chloride)
adduct ions in the high-pressure ionization source
region before mass analysis by loss of neutral methyl
acetate (or methyl chloride) yielding a dimethylamin-
oethyl residue attached to the phosphodiester anion as
the [M 2 15]2.
Collisional activation of [M 2 15]2 ions from the
different subclasses of lysophosphocholines had signif-
icantly different patterns of anionic products. The most
abundant negative ion observed following collisional
dissociation of the [M 2 15]2 ion from monoacyl-lyso-
GPC (I and IV) corresponded to carboxylate anion (e)
from the sn-1 or sn-2 position (RCOO2) as expected
(Figure 5A, B). The mechanism of formation of this ion
has been previously described as being due to the
formation of a neutral cyclic phosphate ester with
concomitant release of the carboxylate anion through
either a six-membered or a five-membered ring transi-
Figure 4. Abundance of m/z 184 and [M 1 H 2 H2O]
1 derived from the collisional activation of
[M 1 H]1 derived from lyso-GPC molecular species (16:0a/OH-GPC, 16:0p/OH-GPC, 16:0e/OH-
GPC, and OH/20:4-GPC) in a tandem quadrupole mass spectrometer with collisional energy between
15 and 30 eV (laboratory frame of reference). Abundance of ions expressed relative to the most
abundance ion species observed in the third quadrupole.
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tion state [26, 30]. For the 16:0a/lyso-GPC (I) species,
product ions of low abundance were also observed at
m/z 224 and 242 which likely corresponded to release of
a free fatty acid and a neutral ketene analog structure
from the sn-1 position, respectively.
The most abundant ion at m/z 224 (f) in the CID
product ion spectrum of [M 2 15]2 from the plasme-
nyl-lyso-GPC (Figure 5C) corresponded to the loss of a
neutral aldehyde from the sn-1 position. Another prom-
inent ion from 16:0p/lyso-GPC (II) was observed at m/z
375 (g), likely the result of loss of a dimethylamino
ethylene neutral and further elimination of water. An
ion of low abundance at m/z 239 was observed which
was possibly derived from the radyl chain at sn-1 and
cleavage of the glycerol backbone.
Collision activation of the [M 2 15]2 anion from
alkyl-lyso-GPC species (16:0e/lyso-GPC) resulted in
abundant product ion observed at m/z 377. This ion was
found to be very prominent for all alkyl-lyso-GPC
species investigated. This ion likely corresponded to
loss of the dimethylamino ethylene neutral with subse-
quent loss of water. Perhaps the unique formation of
this product ion could be due to the absence of any
other competitive pathway of CID of such phospholipid
species when compared with the loss of a neutral
aldehyde from the sn-1 position of the plasmenyl com-
pound or the loss of a carboxylic acid anion from acyl
phospholipids. The MS3 spectrum of the product ion at
m/z 377 did not show any further fragmentation, sup-
porting an unreactive nature of sn-1 alkyl ether chain. A
negative ion at m/z 395 of low abundance was observed
which corresponded to the loss of a dimethylamino
ethylene neutral. This ion could likely further decom-
pose to m/z 377, the most abundant ion in the CID
product ion spectrum of alkyl-lyso-GPC discussed
above.
Discussion
Electrospray ionization of lyso-GPC lipids were charac-
terized by the formation of both abundant positive
([M 1 H]1 and [M 1 Na]1) as well as abundant nega-
tive ions ([M 2 15]2 and [M 1 OAc]2). Both classes of
ions could be collisionally activated to yield structurally
relevant product ions that unambiguously defined each
subclass of lyso-GPC lipids.
One strikingly unique difference was that the prod-
uct ions from collisional activation of the [M 1 H]1
Figure 5. Electrospray tandem mass spectrometry of [M 2 15]2 ions derived from the four lyso-GPC
subspecies. (A) CID of 16:0a/lyso-GPC (sn-2 acyl-lyso subspecies), (B) CID of lyso/20:4-GPC (sn-1
acyl-lyso subspecies), (C) CID of 16:0p/lyso-GPC (plasmenyl lyso subspecies), and (D) CID of
16:0e/lyso-GPC (plasmanyl lyso subspecies).
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derived from both sn-1 and sn-2 acyl-lyso-GPC com-
pounds were characterized by the abundant loss of
water (d) from the protonated molecular ion in contrast
to the CID of sn-1 ether lyso-GPC (both plasmalogen
and saturated ether subspecies). At first glance, the
mechanism for the elimination of water would appear
to be the simple loss of the hydroxyl group from the
sn-2 position and a hydrogen atom from either sn-1 or
sn-3 carbon atoms. Such a reaction could be a result of
either charge remote or charge driven mechanisms.
However, the fact that the ether phospholipid subclasses,
which have this structural feature, did not lose water
argued strongly against a simple mechanism for the loss
of water. Therefore, some unique ion chemistry must be
operating when an acyl group substituent was either at
the sn-1 or sn-2 position of the lysophospholipid.
One possibility for the loss of water from acyl-lyso-
GPC was that the charge site on these lipids was
substantially different for those molecular ions which
did not eliminate water. A different site of protonation
of these glycerophosphocholine lipids could be related
to the different proton affinities as determined by the
unique structural moieties present in these different
subclasses of phospholipids. An investigation of model
compounds whose proton affinities had been previ-
ously determined [31] revealed a much higher proton
affinity of the carboxyl carbonyl oxygen atom of methyl
acetate (196.4 kcal/mol) and the oxygen atom of methyl
vinyl ether (205.4 kcal/mol) compared to the ether
oxygen atom of diethylether (189.1 kcal/mol), and the
secondary hydroxyl oxygen atom of isopropanol (189.5
kcal/mol) (Scheme 1). The potential higher proton
affinity for the carbonyl and vinyl ether oxygen atoms
in acyl and plasmalogen lyso-GPC suggested that a
population of electrospray positive ions could have
these sites protonated with the phosphocholine moiety
neutralized in an ion pair. The location of a second
charge site through protonation of the carbonyl oxygen
atom of the acyl group in 1-acyl sn-2 lyso-GPC could be
partially stabilized by hydrogen bonding with the sn-2
hydroxyl oxygen atom. Collisional activation of such a
species could then facilitate attack of the phosphodiester
anion at the sn-2 carbon atom or attack of the phosphodi-
ester anion at the sn-1 carbon atom for 1-lyso-2-acyl-GPC
followed by the elimination of neutral water and forma-
tion of a cyclic phosphodiester species (Figure 6). A similar
charge driven mechanism with attack of a proton from the
29-carbon atom of the acyl substituent could result in the
observed ion at m/z 258.
Protonation of the plasmalogen vinyl oxygen atom at
the sn-1 position of the alk-19-enyl lyso-GPC could lead
to the most abundant product ion (b) observed for
collisional activation of plasmalogen lyso-GPC corre-
sponding to the loss of the sn-1 radyl group as an
Scheme 1
Figure 6. Proposed mechanism for the formation of the abundant loss of water (d) from sn-1 lyso
(not shown for sn-2 lyso) acyl subtype lyso-GPC species. The abundant loss of the acyl substituent as
a neutral ketene species is also indicated.
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aldehyde (Figure 7). This common lyso-plasmalogen
ion observed at m/z 240 could be formed by a mecha-
nism very similar to that corresponding to the loss of
water from the acyl lyso-GPC species and was consis-
tent with the proton affinity for the vinyl ether group
compared to a secondary alcohol at the sn-2 position.
Because the alkyl ether group had a proton affinity very
similar to that of the secondary alcohol oxygen atom, it
was not surprising that no major decomposition prod-
uct ions were observed for the alkyl ether lyso-GPC
lipids.
Product ions derived from the primary negative ions
formed by electrospray ionization were dependent
upon the orifice voltage as previously described [23]. At
a high orifice potential, the formation of [M 2 15]2
demethylation product ion predominated for all sub-
classes of lyso-GPC as expected. The acyl lysophos-
phatidylcholines produced abundant carboxylate an-
ions (e) at higher orifice potential which readily
distinguished these subclasses of lysophospholipids.
However, negative ions alone would be insufficient to
uniquely characterize an acyl lyso-GPC species as to
whether the acyl substituent was at the sn-1 or sn-2
position.
Collisional activation of [M 2 15]2 ions from the two
ether subclasses of sn-2 lyso-GPC were characterized by
a loss of the dimethylaminoethylene neutral species
followed by a quite abundant loss of water (g). This was
a very minor ion product for the acyl species, likely
because of the facile elimination of a highly stable
carboxylate anion. The plasmalogen subclass could be
readily distinguished from the alkyl ether subclass by
the abundant ion at m/z 224 corresponding to the loss of
the sn-1 vinyl ether moiety (f). A charge remote frag-
mentation is one likely mechanism for this loss as a
consequence of the double bond in the vinyl ether
moiety which can rearrange with the loss of a neutral
aldehyde. The importance of this double bond can be
readily seen in the product ion mass spectra of the
corresponding saturated alkyl ether (Figure 5D) which
completely lacked this abundant product ion.
In summary, tandem mass spectrometry of both
positive and negative ions derived from lyso-GPC sub-
classes can readily distinguish the four different sub-
types of these important cellular membrane lipids.
Interestingly, the loss of water from the sn-2 secondary
carbinol or sn-1 primary carbinol is only an abundant
product ion for the monoacyl subclass of lyso-GPC
lipids which is suggested to be a result of the high
proton affinity of the carboxyl carbonyl oxygen atom
compared to alcohol oxygen atom common to all lyso-
GPC species. The proton affinity of the vinyl ether
oxygen atom is even higher and is likely responsible for
a similar decomposition mechanism driven by a phos-
phate anion resulting in the loss of the sn-1 substituent
as a neutral aldehyde. CID of [M 2 15]2 ions for the
acyl lyso-GPC species produced an abundant carboxyl-
ate anion. The plasmalogen lyso-GPC species yielded a
class specific ion at m/z 224 and the ether lyso-GPC
species yielded a phosphatidic acid anion as the major
product. By analogy, other lyso-GPC lipids having
ethanolamine and serine polar head groups will be
expected to behave in a similar manner as to those
observed for these choline containing membrane phos-
pholipids.
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